Background: This study tested the effectiveness of a computerized mindfulness-based cognitive therapy intervention compared with computerized pain management psychoeducation in a randomized study.
C ognitive-behavioral therapy (CBT) has the strongest evidence base as a psychological approach to chronic pain. [1] [2] [3] However, there is also an emerging body of evidence for other therapies such as acceptance and mindfulness-based approaches. [4] [5] [6] [7] There is also evidence that some patients prefer an acceptance-based approach over traditional CBT. 7 Although these research findings point to the value of psychological interventions for chronic pain, access to effective pain management psychoeducation programs is often limited, due to a scarcity of services. 3 This is the case in Ireland, where there is a relative shortage of pain management psychoeducation services, 8 despite the fact that chronic pain affects up to one third of patients surveyed via General Practice lists 9 and in economic terms costs 2.5% of gross domestic product. 10 As well as a shortage of services, there are other barriers to treatment that can include physical symptoms that limit mobility, distance from a clinic, transportation requirements, and cost constraints. 11 In response to these barriers to service delivery, alternative ways of delivering psychological pain management psychoeducation programs need to be considered.
Internet-based interventions have emerged as a potential response to the barriers to clinic-based pain management psychoeducation. 12 Indeed, the public demand for online health resources is increasing. 12 In many instances, existing efficacious face-to-face interventions are adapted for use on the internet as a means of addressing these barriers to care. Such adapted therapies frequently report effect sizes rivaling those of the original interventions [13] [14] [15] with the added benefits of convenience, privacy, and providing clinicians with the ability to provide care to a broader spectrum of patients, including those in remote areas. 16, 17 CBT has been delivered successfully in an online format to chronic pain populations 17 and large effect sizes have been achieved from relatively brief interventions. 18 However, aside from CBT, few other forms of psychological therapy have been evaluated in online formats. Recent exceptions include an online Acceptance and Commitment Therapy program including mindfulness compared with an online discussion forum in 76 chronic pain patients and found benefits for the treatment group in pain acceptance and reductions in pain-related distress, anxiety, and depressive symptoms. 19 A 6-month follow-up showed maintenance of improvements. Another recent study showed beneficial effects for an acceptance and mindfulness program in 79 patients with fibromyalgia, compared with a control condition (healthy lifestyle tips). 20 A recent Cochrane review pointed out that most of the evidence for psychological treatments arises in studies where an active therapy such as CBT has been compared with usual care or a waiting list control. 2 There is, therefore, a need for comparison between active treatments. We are not aware of any randomized controlled trial of an online mindfulness program for chronic pain compared with another active psychological treatment. We evaluated the feasibility and effectiveness of a computerized and modified version of an existing mindfulness-based cognitive therapy program, 20, 21 which we called Mindfulness in Action (MIA) and compared it to an active comparator treatment, an online version of a pain management psychoeducation program (PE) 22 for chronic noncancer pain patients. Although online or distance education programs for pain have produced small to moderate effect sizes (eg, d = 0.2 to 0.4), 23 mindfulness interventions have suggested potential for moderate to large effect sizes for primary outcomes (eg, d = 0.48 to 1.1). 6 Furthermore, studies comparing mindfulness and education programs directly have demonstrated larger effects for mindfulness, with differences in the order of 0.35 to 0.67 for primary outcomes. 24 Although psychoeducation programs are often considered as "attention control" conditions, there is now ample evidence that education is itself an active intervention. 23, [25] [26] [27] [28] Having said that, the psychoeducation program used in the current study primarily focused on the provision of information in relation to chronic pain and did not have a strong cognitive or behavior change component. Conversely, the mindfulness intervention included both a psychoeducation component, a mindfulness practice focus, and a cognitive and behavioral change component. 20, 21 Therefore, we predicted that the mindfulness program would be superior to the education program for primary outcomes of pain interference and distress, but also for other outcomes including self-reported pain, catastrophizing, pain acceptance, subjective well-being, and self-reported mindfulness.
METHODS

Design
The design was a randomized controlled pilot study with a 6-month follow-up. The study had a mixed factorial 2 (group) Â3 (time) design utilizing an "intention-to-treat" analysis based on a mixed linear modeling analytical approach for the primary analysis. 27 The between-subjects variable (group) had 2 levels-MIA and PE. The withinsubjects variable (time) had 3 levels-before intervention (T 1 ), after intervention (T 2 ), and 6-month postintervention (T 3 ). The research sought to test the effect of the pain management psychoeducation programs on both primary (pain interference and psychological distress) and secondary outcome measures (self-reported pain, catastrophizing, pain acceptance, self-reported mindfulness, satisfaction with life, and patient self-reported impression of change). Outcome variables were selected based on the IMMPACT recommendations for chronic pain clinical trials. 28 The full study protocol is available from the corresponding author.
Participants
A total of 534 volunteers with self-reported chronic pain listed on a research database based at National University of Ireland, Galway, were informed by email about the intervention. Those Completion rates and attrition trends are presented in the consort diagram in Figure 1 , in summary, 28 participants completed the MIA intervention to T 2 (45%) and 23 to T 3 (37%). For the PE intervention, 37 completed the program to T 2 (60%) and 27 to T 3 (43%).
Sample Size and Power Analysis
Previous similar mindfulness intervention research has shown medium to large effect sizes (d = 0.5 to 1.1) for primary outcome variables including depression, anxiety, and pain interference in comparison with waitlist and treatment as usual control conditions. 6, 7, 30 Online or distance education programs for pain have produced small to moderate effect sizes (eg, d = 0.2 to 0.4). 23 We characterized the current study as a superiority trial (MIA superior to PE) and given that our education condition did not involve active CBT elements of hypothesis testing and behavioral change, we estimated effect size differences between conditions for primary outcomes to be in the range of 0.3 to 0.5. Sample size calculations assumed a medium effect size of 0.5 for primary outcomes probed individually and a power value of 0.8. Sample estimates suggested that 51 respondents per group were required to test the hypotheses. To allow for attrition between end-of-trial and follow-up, we aimed to recruit 65 per group.
Measures Rationale
Drawing on the IMMPACT recommendations 28 and domains considered by Cochrane Reviews, 2,31 data were collected on physical functioning and disability, psychological distress, pain intensity, participant ratings of improvement and satisfaction with treatment, catastrophic thinking, and adherence to the treatment regimen. In addition to reducing the negative effects of pain on mood, thinking, and functioning, we also predicted positive effects of mindfulness on subjective well-being, pain acceptance, and self-reported mindfulness. We chose pain interference and psychological distress as primary measures as these were specific targets of the MIA intervention. We chose to measure pain on average as our main pain experience measure; however, because of the focus of mindfulness on experience in the present moment 5 we also measured pain right now. The full set of primary and secondary outcomes are presented below.
Primary Measures
Pain Interference
The Brief Pain Inventory (BPI) 32 was initially developed for assessing cancer-related pain, but has since been validated in a sample with chronic noncancer pain. 33 The BPI captures the extent to which pain interferes with general activity, mood, walking ability, normal work, relations with other people, sleep, and enjoyment of life. Tan et al 33 reported good internal consistency for the interference scale (a = 0.88) and found expected relationships between these subscales and a measure of disability. Cronbach a for the current sample of study completers were acceptable for pain interference (before a = 0.86; after a = 0.93; follow-up = 0.90).
Psychological Distress
The Hospital Anxiety and Depression Scale (HADS) 34 is a 14-item scale which assesses both anxiety and depression and was designed for use in medical outpatient clinics. This measure captures severity of anxiety and depression and has been shown to be suitable for a chronic pain population 35, 36 without contamination of scores by reports of physical symptomatology. Higher scores indicate greater psychological distress. 37 Cronbach a values for completers in the current sample were good (before a = 0.87; after a = 0.82; follow-up = 0.88).
Secondary Measures
Pain Intensity
Two numerical rating scales from the BPI 32 were used to measure level of pain intensity right now and on average. Respondents rated their pain intensity on a scale of 0 to 10 anchored at 0 "No Pain" and 10 "Pain as bad as you can imagine." 
Catastrophizing
The Pain Catastrophizing Scale 38 is a 13-item scale with a 0-point (not at all) to 4-point (all the time) response format. The scale is a predictor of pain intensity and disability. 38 Cronbach a values for the current sample were good (before a = 0.95; after a = 0.93; follow-up = 0.93).
Pain Acceptance
A brief 8-item version of the Chronic Pain Acceptance Questionnaire (CPAQ-8) 39 was used. Participants rated items on a scale of 0 (never true) to 6 (always true). Studies indicated satisfactory reliability (a = 0.78 to 0.82) and validity suggested by high correlations with measures of avoidance, distress, and daily functioning. The CPAQ-8 has been validated in online chronic pain studies. 39, 40 Cronbach a values for the current sample were acceptable (before a = 0.71; after a = 0.80; follow-up = 0.67).
Mindfulness
The construct of mindfulness has been operationalized in dispositional terms by the Mindful Attention Awareness Scale (MAAS), 41 a 15-item self-report instrument. Initially, the scale has been validated in college, working adult, and cancer patient populations and was found to have a singlefactor structure. However, more recently, the MAAS has been reported for a chronic pain population 42 and the authors found the measure to be both valid and reliable. Cronbach a for the current sample were good (before a = 0.93; after a = 0.93; follow-up = 0.94). Higher scores on the scale indicate higher levels of dispositional mindfulness.
Life Satisfaction
The Satisfaction with Life Scale 43 is a 5-item scale designed to measure global cognitive judgments of one's life satisfaction. Participants indicate how much they agree or disagree with each of the 5 items using a 7-point scale that ranges from 7 (strongly agree) to 1 (strongly disagree). The possible range of scores is 5 to 35, with a score of 20 representing a neutral point on the scale. Higher scores on the scale indicate higher levels of satisfaction. Cronbach a for the scale ranged from 0.79 to 0.89, indicating that the scale has high internal consistency. The scale was also found to have good test-retest correlations (0.84, 0.80 over a month interval). 44 Cronbach a for the current sample were good (before a = 0.87; after a = 0.90; follow-up = 0.93).
Patient Impression of Change
The Patient Global Impression of Change scale (PGIC) 45 is recommended for use with chronic pain interventions as a core indicator of improvement. 28 It uses a 7point scale that ranges from "very much improved" to "very much worse" with "no change" in the middle. There has been widespread use of the PGIC in chronic pain research and it has been found to be a responsive and readily interpretable measure of participants' assessment of the value of an intervention. 28 Rather than assessing only the global value of the interventions, the current study used a modified version of the PGIC, asking participants to rate change in a number of targeted domains (1) ability to manage your emotions; (2) dealing with stressful situations; and (3) ability to enjoy pleasant events. Cronbach a in the current sample was acceptable (after = 0.80; followup = 0.84).
Randomization Procedure
Participants were randomly assigned to condition using an independent, computerized randomization program. The randomization allocation was generated by an independent researcher who also enrolled the participants and group assignment was given to both the participant and study staff only after completion of the baseline assessments. Because of the nature of the treatments, blinding of participants was not possible although neither was described as a "control" condition.
Treatment Regimens
Participants in each condition received 12 sessions of treatment, twice per week for 6 weeks. The MIA intervention was based on an established mindfulness meditation and emotional regulation program shown to be effective for chronic pain. 20 The intervention drew on mindfulness meditation aspects of the mindfulness-based stress reduction approach developed by Kabat-Zinn 46 integrated within cognitive therapy. 47 An audiovisual version of the program was developed for this study. Each session included a prerecorded presentation designed to build skills associated with mindfulness and instructions on how to cultivate and sustain positive emotional experiences, particularly within social relationships (Table 1) . Individual sessions were approximately of 20 minutes' duration and each session also included a recommended audio-recorded meditation component that participants were asked to access daily. Participants in the MIA group received twice weekly emails inviting them to visit the Mindfulness in Action Web site and to view the session material and to practice the suggested mindfulness meditation.
PE was based on many of the common elements found within pain management psychoeducation programs such as explaining pain within a biopsychosocial model, information about activity pacing, encouragement to be active, and cognitive-behavioral skills such as problem solving and the role of unhelpful thoughts. Some of the materials were drawn from a self-management chronic pain handbook. 22 This program was presented in a series of emails containing written information about chronic pain self-management ( Table 1 ). The purpose of the PE program was to have an active comparator treatment based on established pain education material. Participants in the PE group received twice weekly emails with psychoeducational material related to chronic pain. After the 6 weeks of the program, participants in the MIA and PE groups were asked to complete a battery of self-report measures on http:// www.surveymonkey.com and the same battery again 6 months later.
Analytic Strategy
The initial data analytic steps were to determine whether (1) completers (ie, those providing follow-up data) differed from noncompleters; and (2) MIA participants differed from PE participants in demographic variables or health-related measures at pretreatment by conducting a series of w 2 analyses for categorical variables, Mann-Whitney U tests for ordinal variables, and t tests for normally distributed variables.
Intervention effects were evaluated using multilevel modeling (MLM). MLM is well suited to the evaluation of data that have a hierarchical structure (ie, pre, post, and 6mo follow-up reports nested within each of the 124 participants) because it is able to account for variation both within and between individuals. All multilevel analyses were conducted using SAS PROC MIXED, 48 estimating the variance components using restricted maximum likelihood. The MIXED procedure is particularly useful because it includes all available data; as a result, all 124 participants were included in multilevel analyses (ie, intent-totreat). Models included the predictors time (T 1 , T 2 , and T 3 ), treatment group (MIA vs. PE), and the timeÂtreatment group interaction. The model specifications followed the recommendations of Singer and Willett 49 to identify the best fitting model of the variances and covariances of the variables under study. The dependent variables were modeled as random variables. Post hoc evaluations of time and timeÂgroup interactions were accomplished with analyses for simple effects. Estimates of means and SEs for groups over time were calculated with LSMEANS in SAS PROC MIXED. Omnibus effect sizes (ie, ds) 50 for each outcome based on MLM were computed according to the recommendations of Feingold, 51 incorporating the coefficients of the length of study (time) and of the slope difference between groups. On the basis on commonly used guidelines, effect sizes of 0.2, 0.5, and 0.8 are interpreted to reflect small, moderate, and large effects, respectively. 50 As participants' impression of change data were only available for T 2 and T 3 , independent-samples t tests were conducted to examine differences between groups in the participants' impression of change.
RESULTS
Pain Profile
Participants reported a mean duration of pain of 10.8 years (median, 8.6 y; range, 6 mo to 50 y; SD = 9 y). Onehundred and eighteen (95%) reported experiencing pain on the day of completing the survey. When asked "How often do you experience pain," 60 (48%) reported experiencing pain "all the time," 52 (42%) said "Daily." A breakdown of pain profile data by group is included in Table 2 .
When asked to identify "Areas where you feel pain," 45 (36.3%) reported pain in their lower or upper back and the remainder reported pain affecting a range of other body areas. However, only 12 people (16%) reported a single site of pain, with 65 people (52%) reporting 5 or more sites. When asked to indicate the primary cause of their pain, the greatest number reported fibromyalgia (33; 27%). A more detailed list of reported pain locations and causes of pain are included in Table 2 . A total of 116 of the 124 original randomized participants (94%) reported medication as a treatment. A breakdown of treatments by group is included in Table 2 .
Completer Versus Noncompleter Baseline Comparisons
Treatment completers and noncompleters did not differ on how long they had experienced pain (pain duration), time since most recent experience of pain (last experience of pain), how often they experienced pain (frequency of pain), where on their body they primarily experienced pain (pain location), or "primary cause of pain." There also were no significant differences between completers and noncompleters on age, pain interference, pain "right now," pain "on average," or psychological distress (all P >0.05).
MIA Versus PE Baseline Comparisons
Participants in the MIA and PE conditions did not differ in terms of demographics, "pain duration," "last experience of pain," "frequency of pain," "pain location," or "primary cause of pain." There also were no baseline differences between participants in MIA and PE groups on primary or secondary variables. The estimated means and SE for each outcome measure of MIA, PE, and combined groups at each timepoint are provided in Table 3 .
Treatment Adherence
For those who provided data at follow-up by selfreport, reported treatment adherence was high in both groups (based on self-report at T 2 ). The mean number of sessions reportedly viewed by participants in the MIA group was 11.22 sessions (SD = 1.68; range, 6 to 12) with 17 of the 23 participants (74%) reporting viewing all of the sessions. Respondents reported meditating an average of 5.74 days per week (SD = 1.32; range, 2 to 7) with 10 (43.5%) reporting meditating 7 days. When asked about duration of meditation each day, one engaged in <5 minutes meditation, 8 did between 6 and 10 minutes, 9 did 10 to 20 minutes, and 5 did >20 minutes. The mean number of sessions reported as read by participants in the PE group was 11.59 sessions (SD = 1.22; range, 8 to 12) with 23 participants (85.2%) reporting reading all of the sessions. Automated recording of the number of sessions accessed was not a feature of the software. Table 4 displays the results of models testing whether there were intervention effects on outcomes, and whether groups differed in the magnitude of change over time.
MLM Analysis: Primary and Secondary Outcome Measures
Primary Outcomes
Pain interference. Pain interference improved over time (time F = 26.87, P < 0.0001), and the magnitude of change was similar between groups (timeÂgroup F 119,104 = 0.02, ns). Post hoc comparisons probing the time effect indicated that in the sample as a whole, pain interference declined significantly from T 1 to T 2 (time slope estimate = À 12.34, t = À6.57, P < 0.0001), and remained stable from T 2 to T 3 (time slope estimate = 3.85, t = À 1.29, ns), and was significantly lower at T 3 relative to T 1 (time slope estimate = À5.00, t = À3.30, P < 0.002).
Psychological distress. The other primary outcome, psychological distress as assessed by the HADS, did not change over time, nor did the magnitude of change vary by group (time and time Â group Fs < 1.95, ns). 
Secondary Outcomes
Satisfaction with life. Satisfaction with life improved over time (time F = 71.13, P < 0.0001). However, the MIA group showed more substantial improvements than did the PE group (time Âgroup F = 4.37, P = 0.04). Post hoc comparisons of the interaction effect indicated that from T 1 to T 2 , the magnitude of the change was different between groups (time Âgroup F = 4.14, P < 0.05). Satisfaction with life increased from T 1 to T 2 in the MIA group (time slope estimate = 1.58, t = 2.68, P < 0.02), but not in the PE group (time slope estimate = À0.15, t = À0.23, ns). The magnitude of change from T 2 to T 3 did not vary between groups (time Âgroup F = 0.31, ns), reflecting that satisfaction with life continued to improve in the MIA group (time slope estimate = 5.79, t = 5.55, P < 0.0001) and that the PE group also showed improvements (time slope estimate = 4.98, t = 5.14, P < 0.0001). Finally, satisfaction with life was significantly higher at T 3 relative to T 1 for both the MIA (time slope estimate = 3.90, t = 7.48, P < 0.0001) and the PE groups (time slope estimate = 2.56, t = 4.19, P < 0.0003), with a similar magnitude of change across groups (time Â group F = 3.08, P = 0.09).
Average pain intensity. Ratings of average pain did not change significantly over time nor was there a difference between groups in the lack of change over time (time and time Âgroup effects Fs < 0.83, ns).
Pain right now. Ratings of "pain right now" showed a marginal downward trend over time (time F = 5.98, P < 0.02; time slope estimate = À 0.36, t = À1.90, P = 0.07) that did not vary by group (timeÂ group F = 0, ns).
Pain acceptance. On the CPAQ-8, pain acceptance ratings increased over time (time F = 26.42, P < 0.0001), and the magnitude of the change was similar across groups (time Âgroup F = 0.52, ns). Post hoc probes including both groups indicated that acceptance increased from T 1 to T 2 (time slope estimate = 2.18, t = 3.40, P = 0.002), and remained stable from T 2 to T 3 (time slope estimate = 1.75, t = 1.59, ns), such that T3 levels of acceptance were significantly higher than those at T1 (time slope estimate = 1.96, t = 3.59, P = 0.001).
Mindfulness. Mindfulness ratings on the MAAS decreased over time (time F = 32.19, P < 0.0001), and the magnitude of the change was similar across groups (time Âgroup F = 0.05, ns). Post hoc probes indicated that mindfulness decreased from T 1 to T 2 (time slope estimate = À3.67, t = À 2.70, P = 0.01), and continued to decrease from T 2 to T 3 (time slope estimate = À4.62, t = À2.07, P = 0.05), such that T 3 levels of mindfulness were significantly lower than those at T 1 (time slope estimate = À4.19, t = 3.42, P = 0.002).
Catastrophizing. Pain catastrophizing ratings decreased over time (time F = 11.20, P = 0.002), and the magnitude of the change was similar across groups (time Âgroup F = 2.30, ns). Post hoc probes indicated that catastrophizing decreased from T 1 to T 2 (time slope estimate = À3.34, t = À3.51, P = 0.001), and remained stable from T 2 to T 3 (time slope estimate = À 1.21, t = À0.83, ns), such that T 3 levels of catastrophising were significantly lower than those at T 1 (time slope estimate = À2.22, t = À3.16, P = 0.003).
Patient impression of change. A series of 3 independent-samples t tests were conducted to examine differences in the participants' impression of change (PGIC). The independent variable was group, with 2 levels: MIA and PE. The dependent variables were the scores on the PGIC scales for (1) ability to manage your emotions; (2) dealing with stressful situations; and (3) ability to enjoy pleasant events. PGIC for ability to manage your emotions was greater for the MIA group than the PE group at T 2 (t 122 = 2.56, P = 0.011, d = 0.46) and this difference was maintained at T 3 (t 122 = 2.08, P = 0.039, d = 0.36). Similarly, PGIC for dealing with stressful situations was greater for the MIA group than the PE group at T 2 (t 122 = 3.49, P = 0.001, d = 0.62) and this difference was maintained at T 3 (t 122 = 2.04, P = 0.044, d = 0.36). PGIC for ability to enjoy pleasant events was greater for the MIA group than the PE group at T 2 (t 122 = 2.27, P = 0.025, d = 0.41) but this difference was not maintained at T 3 (t 122 = 4.82, P = 0.631).
DISCUSSION
This was the first study to compare online versions of 2 treatments for chronic pain that have both yielded benefits when delivered face-to-face: mindfulness-based cognitive therapy intervention and pain management psychoeducation. More specifically, the current study examined if online mindfulness-based cognitive therapy intervention is superior to online pain management psychoeducation in influencing primary and secondary pain outcomes. The results showed that participants in both online programs displayed similar change over time on several postintervention psychological outcomes of interest. Total pain interference, as well as pain acceptance and catastrophizing, improved for both groups from pretreatment to posttreatment and the improvements were maintained at follow-up. The magnitudes of these changes ranged from moderate to large (ds = 0.42 to 0.76). Although HADS distress scores tended to reduce for both groups from pretreatment to posttreatment, this trend did not reach statistical significance and was not maintained at follow-up. In contrast to the lack of significant, sustained change for groups in levels of distress, both groups reported increases in satisfaction with life that were large in magnitude (d = 0.90); moreover, improvements were more pronounced in the MIA versus the PE group (d = 0.59). These positive findings are broadly consistent with the results from previous CBT and mindfulness-based efficacy studies delivered faceto-face. [1] [2] [3] 5, 7, 21, 46, 52, 53 However, equivalent improvements observed in both MIA and PE conditions in the current study need to be interpreted with caution because neither treatment, itself, has been established as efficacious in online format compared with a waitlist control group and the current trial design does not control for time by including a waitlist control group.
In relation to the superiority of online mindfulnessbased cognitive therapy in comparison with online pain management psychoeducation, the mindfulness-based program was associated with greater improvement over time on a small number of outcomes. The MIA group reported significantly greater personal impression of positive change from baseline to posttreatment in their ability to manage their emotions, deal with stress, and enjoy pleasant events, an effect that was maintained at 6-month follow-up for emotion and stress management perceptions. The larger improvement in satisfaction with life in the MIA group coupled with the overall impression of greater subjective improvement in the MIA group across 3 life domains may reflect an improved ability to optimize emotional experience, despite experiencing pain and associated stress.
Interestingly, both groups reported a decrease in mindfulness after the intervention that was moderate in magnitude. This may have resulted from increased reflection and more honest evaluation of mindful awareness abilities in both groups as a result of the intervention. It may also be the case that the mindfulness measure was not a suitably sensitive measure, as it is described as a measure of dispositional mindfulness rather than state mindfulness.
Pain acceptance and catastrophizing improved over time in the sample as a whole. Pain catastrophizing has been identified in many studies as a mediator of disability outcomes and so interventions that reduce catastrophizing are potentially important. Similarly, pain acceptance may be an important process variable in terms of understanding and facilitating improved outcomes in those with chronic pain. However, it is unclear if increases in self-reported mindfulness are necessary for the longer term success of mindfulness interventions. It will be important in future to identify the most responsive components of mindfulness and to target the most problematic thought processes for treatment and sustained benefits of treatment. In particular, the relationship between changes in mindfulness, acceptance, and catastrophizing need to examined more closely in future intervention studies.
Although the MIA program may have shown some unique positive effects, there were some differences between the MIA and PE program that may have accounted for these effects and the results of the current study need to be interpreted with caution. The MIA program used audiovisual and audio modes of presentation for mindfulness lectures and mindfulness meditations, respectively, whereas the PE program used only written text presented online, with some visual images, but no "voice-over." Differences in delivery strategy and style could account in part for the differences between the MIA and PE conditions. While we did not use a no-treatment or waitlist control group in this study, this is becoming more common as many studies are now aiming to evaluate the relative benefit of 2 or more active psychological treatments. For example, in a recent study, rheumatoid arthritis patients were randomized to cognitive-behavioral therapy, relaxation response training, or arthritis education. There were benefits for each of the 3 treatments, with no overall difference between conditions. 26 Similarly, a randomized controlled trial with a low-SES, rural chronic pain population compared group CBT with a group pain education intervention and found that participants in both conditions reported significant improvement across pain-related outcomes 27 although CBT produced greater gains on cognitive and affective variables at posttreatment and 6-month follow-up. A study comparing the effectiveness of telephone-delivered CBT with telephone-delivered pain education in the management of chronic pain with older military veterans found equivalent increases in physical and mental health and reductions in pain and depression in the 2 treatment groups. 23 Similar to the current study, the results of these studies suggest benefits linked with both CBT and education treatments. However, it is important to reiterate that neither treatment in the current trial has been established as efficacious compared with a waitlist control group and the trial design did not control for time. Thus, while it is appropriate to conclude that MIA can be associated with more change than PE, no firm conclusions can be drawn about the interventions producing change using the current research design.
In relation to feasibility, 30% of the population invited to participate in the study showed an interest in taking part and of those assigned to both programs, 52% completed and 40% provided follow-up data 6 months later. Completion rates in the current study were low but similar to some other published studies of online interventions. 54 However, the level of attrition raises questions about feasibility and how best to engage participants. Intervention studies that involve face-to-face therapeutic exchanges may benefit from greater commitment on the part of participants and the participants may thus be more likely to complete. 55 However, a recent online study 18 achieved exceptionally high completion rates (over 90%) and this was probably due to their strategy of ensuring weekly telephone contact with participants, making completion of 1 session a prerequisite for progression to the next, and possibly elements of the interface and the content. Further research in this area may benefit from inclusion of online face-to-face exchanges (eg, using Skype), which may serve to enhance both CBT and mindfulness-based CBT programs. The question of "what works"-not only in terms of outcomes, but also adherence and completion-is probably the most important question for researchers and developers of online interventions, as a balance must be found between making the interventions cost-effective in terms of therapist time and keeping patients engaged.
The study has a number of limitations. First, the remote accessing of the interventions makes it difficult to identify when participants dropped out as this could only be captured at the data collection points. Future research using other technologies could capture data on times logged-on and quality of engagement with the system, thus providing data on adherence and facilitating more timely follow-up with participants who may be contemplating dropping out. These latter data could also provide an opportunity to gather more information on participant satisfaction with the programs. Another limitation pertains to the assessment of home practice of the skills taught in the programs. In common with other MBCT interventions, 4 the collection of "homework" data rely on self-report methods which may lead to biased estimates. A significant limitation of the study is the level of attrition which was a problem for both interventions. Although attrition is not uncommon either in clinical research or in clinical practice, the current low response rates suggest significant caution is required when interpreting and generalizing the results of the study. Notably, although mixed linear models were employed to analyze effects, these effects need to be interpreted with caution as they include assumptions about effects observed in the context of the full sample of participants, including those who dropped out of the study.
More generally, in relation to attrition, it is important to garner consumer views about the features of treatment programs that are most likely to engage them and to identify obstacles to finding, joining, and completing online treatment programs. Day et al 56 recently reported the results of a qualitative analysis of patient perceptions of CBT and Education therapies for pain management-such evaluations may provide important information to inform further developments in the area of online therapy delivery.
The study also had a number of strengths. Previous research has identified time and travel commitments as barriers to attendance at typical group programs. 11 The current study involved participants from across 3 continents and the format provided participants access to program materials at times that suited their own routine. Therefore, the flexibility of delivery and the low delivery cost of the online program in terms of therapist time suggest that such programs may be of value even with lower uptake and completion rates than traditional programs.
The current study has made a number of contributions to the literature on online interventions by addressing several unanswered questions in the field. It has tested the feasibility of a computerized MBCT intervention (MIA) for a heterogeneous chronic pain population and compared it with a computerized PE intervention. Although the interventions showed similar changes on a number of outcome variables, MIA was associated with some unique changes. The main clinical implication of this study is that it supports the feasibility of using computerized interventions as an additional option for chronic pain management psychoeducation. However, the study also highlights the need to optimize engagement and completion is such studies. In the context of growing evidence for the benefits of online therapies, further research in this area is warranted. Future studies should aim to identify (1) the beneficial/effective components of treatment programs so as to allow for greater treatment efficiencies; (2) the patients most likely to respond to one treatment over another; (3) the most effective balance of "distance" therapy versus personal contact to keep patients engaged both with research studies and with treatment programs; and (4) participant experience and preferences for the structure, duration, content, and interface options.
In conclusion, the results of the current study provide evidence that a computerized mindfulness-based program brought about greater improvement on measures of life satisfaction, ability to management emotions, and "pain right now" than a computerized pain self-management psychoeducation program. However, the development of online interventions is still in its infancy. Although the method shows promise in making treatments widely accessible to the public, enthusiasm must be tempered by many questions concerning whether the delivery methods diminish impact. Discerning differences between treatments delivered in an online format may be especially difficult, as acceptability and efficacy expectations may be lowered to the point that the therapies are indistinguishable from one another in improving lives.
